Urinary excretion of formiminoglutamic acid (FIGLU) following an oral, intraperitoneal, intramuscular, or intravenous load with L-histidine-monohydro chloride was markedly reduced in rats when fed on a riboflavin deficient diet for 11-30 days.
that there were a marked deeraase in the activity of N5,10 methylenetetrahydro folate ieductase and a considerable decrease in that of N5 methyltetrahydro folate transferase of the liver from the riboflavin deficient rats.
Results of bioassay using L. casei, St. faecalis and Pediococeus cerevisiae of folate compounds of the liver revealed a tendency toward relative increase in folato deriva tives other than N5 methyltetrahydrofolate in the liver of riboflavin deficient rats.
From these results it was assumed that a decreased activity in both the N5,10 methylenetetrahydrofolate reductase and N5 methyltetrahydrofolate trans ferase was induced by riboflavin deficiency, and then that the decrease in the activity of the both enzymes caused an accumulation of tetrahydrofolate com pounds other than N5 methyltetrahydrofolate, thus affording a relatively large amount of free tetrahydrofolate available for the formiminotransferase reac tion, with a consequence of rapid conversion of FIGLU into glutamic acid.
Free methionine levels of the liver was not found to be increased but slightly decreased in riboflavin deficient rats as compared with those of control rats.
The present investigation demonstrated that urinary excretion of FIGLU after histidine loading by oral, intramuscular, intraperitoneal and intravenous routes was markedly reduced in rats with riboflavin deficiency than those in control rats. For explanation of the mechanism by which a marked reduction in urinary FIGLU was induced by riboflavin deficiency in rats, we examined the activities of tetrahydrofolate-depen dent enzymes of the liver and also carried out analysis of folate compounds of the liver using L. casei, St. faecalis and P. cerevisiae as test organisms.
The results obtained led us to the conclusion that: 1) riboflavin deficiency causes a marked decrease in N5,10 methylenetetrahydrofolate reductase activity and a considerable decrease in N5 methyltetrahydrofolate transferase activity of the liver; 2) the defective activity of the both enzymes rasults in a relative increase in tetrahvdrofolate compounds other than N5 methyltetrahydrofolate in the liver; and thus 3) free tetrahydrofolate available for the formiminotransferasm reaction is yielded in enhanced amounts, with a result of rapid conversion of FIGLU into glutamic acid.
Free methionine levels of the liver were estimated using an automatic amino acid analyzer on control and riboflavin deficient rats, but no marked difference was found between the two groups.
METHODS AND MATERIALS
White male rats of the Wistar strain, weighing 35-47 g, were divided into two groups (Groups A and B).
Group A, consisting of 15 rats (Nos. 1-15), served as a control, and was fed on a control diet with a composition shown in Table 1 . Group B, consisting of 24 rats (Nos. 16-39), was a riboflavin deficient group, fed on a diet devoid of riboflavin but otherwise the same as the control diet.
All the rats were housed in individual cages with wire screen bottoms. Water was given ad libituin, but the amount of the diet was limited to 10 g per day per rat.
Estimation of riboflavin content of the liver: Quantitative estimation of ribo flavin in liver specimens was done by the lumiflavin method of Kagaya.1
Estimation of urinary formiminoylutamic acid (FIGLU):
Twenty four hour urine specimens were collected in flasks containing 5 ml of 1 N HCl. 
RESULTS
Riboflavin content of the liver from rats fed on control and ribofltwin deficient diets Riboflavin content of the liver was found to be markedly decreased when rats were fed on a riboflavin deficient diet for 26 days (cf . Table 2 ).
EXPERIMENT I
Urinary excretion of FIGLU and histidine following histidine load by oral , in traperitoneal, intramuscular, and intravenous routes Urinary excretion of histidine was estimated by an automatic amino acid analyzer and also examined by thin layer chromatography with the ninhydrin reaction. Furthermore the Pauli reaction was applied to the thin layer chromato grams in order to detect imidazole derivatives.
Oral histidine load. 0.5 g of histidine monohydrochloride per kg, was done on successive two days, the 20th and 21st day of experimental feeding, and the urine specimens collected for 24 hours after the second load were used for the analysis.
An intraperitoneal injection of 10% histidine in saline solution, 0.5 g of histidine monohydrochloride per kg, was done on the 24th day of the experimental feeding, and the 24 hour urine specimens collected after the injection were used.
The histidinee load with the same dose was made by an intramuscular injec tion on the 33rd day of the feeding and by an intravenous injection on the 32nd day of the experimental feeding. Urinary excretion of FIGLU in 24 hour urine specimens collected after an oral dose of L-histidine monohydrochloride, 0.5 g/kg, carried out on the 21st day of feeding on experimental diets (control and B2-deficient,). The oral histidine load with the same dose was also done on the 20th day of the experimental feeding TABLE 4 . Urinary excretion of histidine following an oral load with histidine in control and riboflavin deficient rats Table 4 shows that urinary excretion of histidine after the oral histidine load is also markedly decreased in B2 deficient rats than in controls. Pauli's reaction remained negative when applied to the thin layer chromatograms of urine specimens from both groups.
In cases of intramuscular injection of histidine it was also found that there TABLE 5 . Urinary excretion of FIGLU following an intramuscular injection of histidine, 0.5 g/kg, in rats fed on a control or B2 -deficient diet for 33 days TABLE 6. Excretion of FIGLU and histidine in 24 hour urine specimens after an intraperitoneal injection of histidine, 0.5 g/kg, in rats fed on a control or B2-deficient diet for 30 days TABLE 7. Urinary excretion of FIGLU and histidine after an intravenous injection of histidine, 0.5 g/kg. in rats fed on a control or B2-deficient rats for 32 days was a marked decrease in urinary FIGLU in B2-deficient rats than in control rats (of. Table 5 ).
In the case of intraperitoneal injection of histidine urinary FIGLU excretion was by far much less in the amount in B2-deficient rats than in control rats, and histidine excreted into the urine was also decreased in B2 deficient rats (cf. Table 6 ). The Pauli reaction applied on the thin layer chromatograms of urine specimens was negative in both groups (cf. Table 6 ). An intravenous injection of histidine, 0.5 g/kg, was done in two rats each from the groups A and B and the urinary excretion of FIGLU and histidine were found to be of a similar tendency as observed in cases of intramuscular , intraperitoneal and oral load with histidine (cf. decreased activity in both N5,10 methylenetetrahydrofolate reductase and N5 methyltetrahydrofolate transferase of the liver were induced by B2 deficiency; secondly, the defective activity of both enzymes afforded a relatively increased accumulation of tetrahydrofolate compounds other than N5 methyltetrahydrofolate, thus supplying an increased amount of free tetrahydrofolate available for form iminotransferase reaction, thus resulting in more effective conversion of FIGLU into glutamic acid. Our findings obtained from the present study that a marked decrease in the N5,10 methylenetetrahydrofolate reductase activity and a considerable decrease in the N5 methyltetrahydrofolate transferase activity of the liver were induced by riboflavin deficiency in rats, and that urinary excretion of FIGLU following his tidine load was decreased in riboflavin deficient rat than in control rats, led us to make an estimation of free methionine levels of the liver from control and riboflavin deficient rats.
The reason for this was that,1) Silverman and Pitney11 reported that the urinary excretion of FIGLU in rats was reduced by dietary supplementation with methionine or homocysteine, 2) Kutzbach et al. 8 and Dickerman et al. 10 reported that N5 methyltetrahydrofolate transferase activity of the rat liver was decreased by the dietary methionine, and 3) Kutzbach and Stokstad12 reported recently that there was a feed back inhibition of N5,10 methylenetetrahydrofolate reductase in the rat liver by s-adenosylmethionine.
Estimation of free methionine was made on liver specimens from rats fed on a control or riboflavin deficient diet for 20 days in the following way: Immediately after the removal of liver specimens, the tissues were homogenized with 4 volumes of cold 0.15 M KCl solution. To the homogenate 3 volumes of 4% sulfosalicylic acid were added for deproteinization, and the mixture was centrifuged. The supernatant, containing 100 mg of liver in wet weight, was applied to an automatic amino acid analyzer (Hitachi, KLA-3B type) for the estimation of free methionine.
The result (cf . Table 9 ) revealed that the free methionine content in the liver was not increased but slightly decreased in riboflavin deficient rats as compared with that in control rats.
It was therefore concluded that a decreased activity in both N5 methyltetra hydrofolate transferase and N5,10 methylenetetrahydrofolate reductase of the liver and a reduced excretion of urinary FIGLU observed in riboflavin deficient rats were not related to the free methionine level of the rat liver.
